Cumin (Cuminum cyminum L.) is one of the most important herbs known for stomach disorders. In this study, storage temperature effects on the quality of cumin essential oil were investigated. Changes in essential oils compositions were detected during storage for six months in a refrigerator (4°C), a freezer (−20°C), and at room temperature (25°C). The main constituents of the essential oil from the cumin fruits under different conditions of storage were cumin aldehyde belonging to oxygenated monoterpenes and p-cymene, and β-pinene belonging to monoterpene hydrocarbons. Results indicated that at room temperature, the proportions of compounds with lower boiling temperatures such as β-pinene (1.57-10.03%) and p-cymene (14.93-24.9%) were decreased; however, cumin aldehyde (45.45-64.31%) increased during cumin oil storage. Furthermore, the oil compositions showed the least alterations and C. cyminum kept its primary quality when stored at low temperatures.
Introduction
Essential oils are aromatic and volatile liquids obtained from various species and parts of plants, herbs, and spices such as flowers, roots, bark, leaves, seeds, peel, fruits, and wood, described by a strong and generally pleasant odor and flavor. [1] For centuries, these substances have been widely utilized in medicine, perfumery, and cosmetics industries. Moreover, they have been added to foods as part of spices or herbs. [2] They constitute very potent and natural biologically active agents with various properties. They possess a range of pharmaceutically relevant characteristics due to their antioxidant, antifungal, antibacterial, anti-parasitic, and insecticidal properties, which result in a wide field of applications. [3] [4] [5] The essential oils are complex mixtures of several chemical components that mainly include hydrocarbons, monoterpenes, and sesquiterpenes, with the general formula (C 5 H 8 ) n . In addition, oxygenated compounds include alcohols, aldehydes, esters, ethers, ketones, phenols, and oxides obtained from these hydrocarbons. [2, 6] Cuminum cyminum L. ("Zireh-e-Sabz" Persian name means green cumin), which is a well-known herbal medicine in Iran, is an annual herb belonging to the family Apiaceae. The origin of C. cyminum is Egypt, Turkistan, and the east of the Mediterranean area. Moreover, the herb is cultivated widely in Iran, China, India, Morocco, southern Russia, Japan, Indonesia, Algeria, and Turkey. [7] The cumin fruit provides additional taste and flavor to foods, besides it has been considered to have medicinal and therapeutic properties for centuries. In folk medicine, the cumin fruit is used as a diuretic, emmanogogic, antispasmodic, carminative, stimulant, astringent as well as a remedy against indigestion, flatulence, toothache, dyspepsia, diarrhea, colic, epilepsy, and jaundice. [8, 9] Moreover, the cumin fruits contain a yellow-colored fresh volatile oil (2-5% v/w) that imparts the characteristic aroma and medicinal value to the ripe fruits. Results of investigations [7] [8] [9] [10] indicated that the essential oil from the cumin fruits have high antifungal, antibacterial, and antioxidant activities. Therefore, it is also used as a fumigant or additive in the storage of foodstuffs. [11] Many phytochemical studies have been conducted to investigate the composition of the essential oil of cumin fruits. [10, 12] These state that the major components of cumin essential oil are oxygenated compounds, especially aldehydes, wherein the most prominent one is cumin aldehyde in different percentages. [13, 14] Variation in the chemical composition of essential oils, although genetically controlled, may be influenced by the origin and environmental conditions, harvesting and postharvesting stages like the season and phenological stage of harvest, drying and extraction methods, storage conditions, and distillation time and type, which lead to higher essential oil content and better quality. [15] [16] [17] [18] In addition, according to the previous investigations, the essential oils compositions change due to the processing and storage of the isolated oil. Several factors such as temperature, light, and oxygen availability have a very important influence on the modification processes. [19] The impacts of different storage conditions on the essential oils composition of Leonurus cardiac, [20] Majorana hortensis, [21] Rosa damascena (petals), [22] Thymus daenensis, [23] and Myrtus communis [24] were studied before. There is little chemical information about the compositional changes of essential oils during storage conditions. Therefore, the aim of this study was to evaluate the effect of storage conditions on the chemical composition of essential oil of C. cyminum. In this regard, the essential oil components of C. cyminum were analyzed in different storage conditions including room temperature (25°C), refrigerator (4°C), and freezer (−20°C) during six months of storage.
Material and methods

Plant material
Cumin fruits were collected from the plants cultivated in Khorasan-e-Razavi province region, northeast Iran. The fruits were harvested at the full mature stage and stored in room temperature until oil extraction.
Isolation of essential oil and storage conditions
Cumin fruits were crashed and the essential oil isolated by hydrodistillation for 4 h, using a Clevenger-type apparatus. The distillated oils were dried over anhydrous sodium sulfate. To investigate the impacts of temperatures and different storage conditions on the compositions of distilled oils, the oil samples were poured in three dark glasses, sealed, and were subjected to different storage temperatures such as refrigerator (4°C), freezer (−20°C), and room temperature (25°C) for six continuous months. The oil analyses of all storage treatments were performed monthly. Every month, each sample was injected to Gas Chromatography with Flame lionization Detector (GC_FID) and gas chromatography and mass spectrophotometry (GC/MS) and the compounds were detected. Moreover, to determine the exact effects of storage conditions on the essential oil composition during the experimental period, the fresh extracted oil was analyzed immediately after extraction. The extracted essential oil was yellow in color and had a distinct sharp odor.
Oil analysis procedure
The composition of the essential oils was determined by GC/MS. The GC analysis was performed on an Agilent Technologies 7890 GC (Agilent Technologies, Santa Clara, CA) equipped with a single injector and a flame ionization detector (FID) using an HP-5MS capillary column (30 m × 0.25 mm, 0.25 µm film thicknesses) coated with 5% phenyl and 95% methyl polysiloxane. The carrier gas was helium (99.999% pure) at a flow rate of 0.8 mL/min. The initial column temperature was 60°C and it was programmed to increase at 4°C/min to 280°C. The injector temperature was set at 300°C. Split injection was conducted with a ratio split of 1:40. Essential oil samples of 0.1 µL were injected neat (directly).
GC-MS analyses of aromatic oil samples were performed on an Agilent Technologies 7890 gas chromatograph coupled to an Agilent 5975 C mass selective detector (MSD) and a quadrupole Electron Ionization (EI) mass analyzer (Agilent Technologies, Palo Alto, CA, USA). An HP-5MS 5% column (coated with methyl silicone) (30 m × 0.25 mm, 0.25 µm film thicknesses) was used as the stationary phase. Helium was used as the carrier gas at 0.8 mL/min flow rate. The temperature was programmed from 60 to 280°C at a 4°C/min ramp rate. The injector and the GC-MS interface temperatures were maintained at 290°C and 300°C, respectively. Mass spectra were recorded at 70 eV. The mass range was from m/z 50 to 550. The ion source and the detector temperatures were maintained at 250 and 150°C, respectively. The samples (0.1 µL) were injected neat with a 1:40 split ratio.
Identification of compounds
Constituents were identified by comparison of their retention index (RI) relative to the C 5 -C 24 n-alkanes obtained on a nonpolar HP-5MS column by comparison of the RI, provided in the literature, by comparison of the mass spectra with those recorded by the NIST 08 (National Institute of Standards and Technology) and Willey (ChemStation data system). The individual constituents were identified by RIs and compared with constituents known from the literature. [25, 26] The percentage composition was computed from the GC-FID peak areas without using any correction factors.
Results and discussion
Different storage conditions can influence the chemical components of the essential oil. There is little research on the storage conditions of plant secondary metabolites, especially essential oils as volatile compounds. In this investigation, the compositions of hydro-distilled essential oils of C. cyminum were determined at different storage temperatures and times. In total, 16 components were identified, which represent 92.6-99.86% of the total detected compounds in essential oil samples (Tables 1-3 ). According to the GC/MS analysis shown in the tables, the main components of the essential oils from the fruits of cumin under all storage conditions during six months were cumin aldehyde belonging to oxygenated monoterpenes and p-cymene, and β-pinene belonging to monoterpene hydrocarbons.
According to the results of previous studies, the major components of cumin essential oil from various regions and phenological stages were cumin aldehyde, cumin alcohol, β-pinene, ocimene, γ-terpinene, p-cymene, and safranal in different percentages. [10, 27, 28] In most studies, aldehydes compounds, especially cumin aldehyde, were found to be the most prominent, [29] which was the same as our report. To the best of our knowledge, the pathway for the biosynthesis of cumin aldehyde and its precursor is not understood yet and the mechanism of transformation for essential oils compound is doubtful. In addition, the fresh and spicy notes of cumin oil are related to γ-terpinene and cumin aldehyde, respectively. [30] The results of this study indicate that the concentration of components with a lower molecular weight decreased with storage time, especially at room-temperature conditions (Tables 1-3 and Figures 1-3) . The findings of this investigation indicated that at room temperature, the changes in the amounts of some compounds are as follows: β-pinene, as the main constituent of cumin oil, was 10.93% immediately after oil extraction, then gradually decreased to 1.57%, and then showed about 85.63% decline at the end of the storage period. The trend of β-pinene evolution following one to six months after essential oils storage was 8.23, 42.45, 51.87, 55.26, 75.85, and 85.63%, respectively.
The second main component that showed the same trend with β-pinene was p-cymene, which showed a decreasing trend with storage time. The quantity of p-cymene was 26.3% at the time of oil extraction and then its amounts were 24 Figure 1 ). It might be due to evaporation, oxidation, and other unwanted changes in the essential oils constituents during the storage period. It is clear that with time, lower boiling point compounds have a marked decrease at room-temperature storage condition. The most important results of the present study were the increasing trend in the quantities of cumin aldehyde by the storage time at room temperature. The cumin aldehyde was 46.10% immediately after oil extraction, then gradually reached 63.31% after six months, and showed a trend of 37.33% growth at the end of the storage period. The increasing trends of this component's evolution following one to six months after essential oil storage were 46.67, 48.46, 52.32, 56.29, 60.21, and 63.31%, respectively (Table 1 and Figure 1) . At refrigerator and freezer temperatures, the same trends were observed. β-Pinene and p-cymene showed a decreasing trend with storage time; however, cumin aldehyde, as the major constituent in cumin oil, increased during the cumin oil storage (Table 2, 3 and Figure 2 ). The comparison of essential oils constituents between different conditions of storage (temperature and time) indicated that the major components amounts were intensively changed during storage at room temperature compared to other storage conditions ( Figure 2 ). Moreover, according to the results of this study, 2-thiophenecarboxaldehyde was identified in the essential oil of cumin. It seems to be a new compound for the essential oil of cumin (Table 1) . On the other hand, our findings indicated that safranal decreased during storage. In this regard, the findings of our work indicated that the concentration of safranal with a lower molecular weight decreased by prolonging the storage time (Table 3 ). This phenomenon can be due to evaporation, oxidation, and other unwanted changes in the essential oil components during the storage period. [20] It is clear that with passing time, lower boiling point compounds markedly decreased in refrigerator and particularly at room-temperature conditions. However, it was very slight in freezing temperature. [23] Furthermore, the effects of various temperatures such as room temperature (25°C), refrigerator (4°C), and freezer (−20°C) on the essential oil composition of different medicinal plants have been studied before. [20, 23, 31] The primary components of essential oils from plants are monoterpenes and the effects of many medicinal herbs have been attributed to them. [32] In this study, monoterpenoids were the most common components identified in cumin essential oil. All samples at different storage conditions are mainly composed of oxygenated monoterpenes, represented exclusively by cumin aldehyde with different percentages from 45.59 to 63.31% at different times and temperatures. In addition, monoterpene hydrocarbons, including p-cymene and β-pinene, were the second group of chemical components (Table 1- Changes in the essential oil compositions of Melissa officinalis [33] and Thymus daenensis [23] were evaluated during storage for four months in a refrigerator (4°C), a freezer (−20°C), and at room temperature (25°C). In conformity with our results, they reported that, at room temperature, the proportions of compounds with lower boiling temperatures were decreased. Furthermore, the oil compositions showed the least alterations and retained their primary quality when stored at low temperatures, particularly at −20°C.
Variation in the chemical composition of cumin oil indicated that different chemotypes of C. cyminum L. exist in the world. In fact, several chemotypes were reported according to the origin of the studied cumin. In conformity with our findings, the results of previous studies showed the major component in the essential oil of the Spanish cumin. [34] In agreement with our findings, cumin aldehyde chemotype was found by Li & Jiang [11] and Oroojalian et al. [12] who studied Turkish, Chinese, and Egyptian cumin fruits.
On the other hand, the essential oils should be stored in tightly closed, darkened glass containers in a cool place to ensure lasting quality. [35] According to previous investigations on change in the composition of the essential oil of marjoram during storage, insignificant changes in the composition of the essential oil were observed when stored in a dark glass container for one year and its organoleptic characteristics remained largely unaffected. However, storage in a transparent container changed the composition of the oil, due to the chemical transformations of terpenoids. Insignificant changes in the content of substances stored in the dark may be attributed to their structure and reactivity. Oxidation of the most labile components of the oil was the main process. [36] Only few studies have been performed to assess the effect of storage conditions on the stability of essential oils. [19, 36, 37] According to the results of previous investigations, the composition of essential oils from cardamom (Elettaria cardamomum Maton L.) and clove (Caryophyllus aromaticus L.) [38] changed in storage condition, which affected their properties. The oil composition may undergo considerable changes upon processing and storage conditions. Previous reports indicated that several factors such as different harvest time, storage conditions, storage duration at different temperatures, light, and oxygen availability can affect the essential oil quality and composition. [19, 23, [39] [40] [41] This may lead to changing color, an increase in viscosity, or the development of an unpleasant, often sharp aroma by alternations in composition and a rise of oxidized compounds. Moreover, due to the terpenoid oxidation products, some allergic skin reactions may accrue. [42] [43] [44] 
Conclusion
The main process during the storage of essential oil is evaporating the compounds with a lower boiling temperature, mostly monoterpene hydrocarbons. From the findings of this study, the best results of the major constituents were obtained at −20°C and 4°C (the total of 39.67% monoterpene hydrocarbons after distillation is reduced to 31.36% and 27.59%, respectively, after six months). Hence, there was a higher decrease in the oil quality during the storage period of six months at room temperature. It can be concluded that the essential oil of C. cyminum, which was stored in a refrigerator and a freezer, retained its primary quality better compared with roomtemperature storage. In sum, the storage of C. cyminum oil at low temperatures can prevent the decrease in the concentrations of the oil compounds and help maintain the essential oil's primary quality with the least alterations. These results may be extended to the storage of the essential oils of plants with the same chemical characteristics. Hence, these useful findings can help essential oil producers and consumers use this oil and its compounds in different related industries such as food, cosmetic, and medicinal products. In conclusion, the different storage conditions of plant secondary metabolites, especially essential oils, is an interesting topic, which needs further studies with various aromatic plant essential oils that constitute different chemical compounds.
